By analyzing the data sets of 17.3 pb −1 taken at √ s = 3.773 GeV and of 6.5 pb −1 taken at √ s = 3.650 GeV with the BES-II detector at the BEPC collider, we measure the observed cross sections for the exclusive light hadron final states of K
− annihilation at the two energy points. We set the upper limits on the observed cross sections and the branching fractions for ψ(3770) decay to these final states at 90% C.L..
I. INTRODUCTION
The ψ(3770) resonance is expected to decay almost entirely into DD meson pairs since its width is almost two orders of magnitude larger than that of ψ(3686) [1] . In recent years, the study of the ψ(3770) non-DD denium energy region due to the existing puzzle that about 38% of ψ(3770) does not decay into DD meson pairs [2] . To understand the possible excess of the ψ(3770) cross section relative to the DD cross section, BES and CLEO Collaborations made many efforts to study the ψ(3770) non-DD decays. The CLEO Collaboration measured the e + e − → ψ(3770) → non-DD cross section to be +0.41 measured the branching fraction for ψ(3770) → non−DD decay to be (15 ± 5)% [4, 5, 6, 7, 8] , which indicates that, contrary to what is generally expected, the ψ(3770) might substantially decay into non−DD final states or there are some new structure or physics effects which may partially be responsible for the largely measured non-DD branching fraction of the ψ(3770) decays [9, 10] . BES Collaboration observed the first non−DD decay mode for ψ(3770) → J/ψπ + π − , and measured its decay branching fraction to be B[ψ(3770) → J/ψπ + π − ] = (0.34 ± 0.14 ± 0.09)% [11, 12] . This was confirmed by CLEO Collaboration [13] . Latter, CLEO Collaboration observed more ψ(3770) exclusive non-DD decays, ψ(3770) → J/ψπ 0 π 0 , J/ψπ 0 , J/ψη [13] , γχ cJ (J = 0, 1, 2) [14, 15] and φη [16] , etc. Summing over these measured branching fractions yields the sum of the branching fractions for the ψ(3770) exclusive non-DD decays not more than 2%. In addition, BES and CLEO Collaborations also attempted to search for other ψ(3770) exclusive charmless decays [17, 18, 19, 20, 21] [ 16, 22, 23] . However, the existing results can not clarify the possible excess. For better understanding the origin of the possible excess, search for more ψ(3770) exclusive charmless decays will be helpful.
In this Letter, we report measurements of the observed cross sections for the exclusive light hadron final states of K
at the center-of-mass energies of 3.773 and 3.650 GeV with the same method as the one used in our previous works [19, 20, 21] . With the measured cross sections at the two energy points, we set the upper limits on the observed cross sections and the branching fractions for ψ(3770) decay to these final states. The measurements are made by analyzing the data set of 17.3 pb −1 collected at √ s = 3.773 GeV [called as the ψ(3770) resonance data] and the data set of 6.5 pb
collected at √ s = 3.650 GeV (called as the continuum data) with the BESII detector at the BEPC collider.
II. BESII DETECTOR
The BES-II is a conventional cylindrical magnetic detector that is described in detail in Refs. [24, 25] . A 12-layer vertex chamber (VC) surrounding the beryllium beam pipe provides input to the event trigger, as well as coordinate information. A forty-layer main drift chamber (MDC) located just outside the VC yields precise measurements of charged particle trajectories with a solid angle coverage of 85% of 4π; it also provides ionization energy loss (dE/dx) measurements which are used for particle identification. Momentum resolution of 1.7% 1 + p 2 (p in GeV/c) and dE/dx resolution of 8.5% for Bhabha scattering electrons are obtained for the data taken at √ s = 3.773 GeV. An array of 48 scintillation counters surrounding the MDC measures the time of flight (TOF) electrons. Outside the TOF, a 12 radiation length, leadgas barrel shower counter (BSC), operating in limited streamer mode, measures the energies of electrons and photons over 80% of the total solid angle with an energy resolution of σ E /E = 0.22/ √ E (E in GeV) and spatial resolutions of σ φ = 7.9 mrad and σ z = 2.3 cm for electrons. A solenoidal magnet outside the BSC provides a 0.4 T magnetic field in the central tracking region of the detector. Three double-layer muon counters instrument the magnet flux return and serve to identify muons with momentum greater than 500 MeV/c. They cover 68% of the total solid angle.
III. EVENT SELECTION
In the reconstruction of the K The charged particles are identified by using the dE/dx and TOF measurements, with which the combined confidence levels CL π and CL K for pion and kaon hypotheses are calculated. The pion and kaon candidates are required to satisfy CL π > 0.001 and CL K > CL π , respectively. To reconstruct K 0 S mesons, we require that the π + π − meson pairs must originate from a secondary vertex which is displaced from the event vertex at least by 4 mm in the xy-plane.
The photons are selected with the BSC measurements. The good photon candidates are required to satisfy the following criteria: the energy deposited in the BSC is greater than 50 MeV, the electromagnetic shower starts in the first 5 readout layers, the angle between the photon and the nearest charged track is greater than 22
• [26, 27] , and the opening angle between the cluster development direction and the photon emission direction is less than 37
• [26, 27] . For each candidate event, there may be several different charged and/or neutral track combinations satisfying the above selection criteria for exclusive light hadron final states. Each combination is subjected to an energymomentum conservation kinematic fit. For the processes containing π 0 meson in the final states, an additional constraint kinematic fit is imposed on π 0 → γγ. Candidates with a fit probability larger than 1% are accepted. If more than one combination satisfies the selection criteria distance of the reconstructed K 0 S mesons is retained. To suppress the background from the DD decays, we use the double tag method [28] to remove the DD events. For example, for the K 0 S K − π + π 0 final state, we exclude the all possible events from DD decays by rejecting those in which the D andD mesons can be reconstructed in the decay modes of
. For the other final states, the events from DD decays are suppressed similarly. The remaining contaminations from DD decays due to particle misidentification or missing photon(s) are accounted by using Monte Carlo simulation, as discussed in Section V.
IV. DATA ANALYSIS
In the data analysis, these processes containing K Figure 1 shows the resulting distribution of the invariant masses of the π + π − combinations from the selected candidates for the K 
V. BACKGROUND SUBTRACTION
Some other events may contribute to the selected candidate events for e + e − → f (f represents exclusive light hadron final state). These include the events from J/ψ and ψ(3686) decays due to ISR returns, the events from the other final states due to misidentifying a pion as a kaon or reverse, and the events from DD decays. The number N b of these contaminations should be subtracted from the number N obs of the candidates for e + e − → f . The estimation of them can be done based on Monte Carlo simulation. The details about the background subtraction have been described in Ref. [19] . For each background channel except DD decays, 50,000 or 100,000 Monte Carlo events are used in the background estimation. The Monte Carlo sample of each different background channel is from ten to several thousands times Even though we have removed the main contaminations from DD decays in the previous event selection (see section III), there are still some events from DD decays satisfying the selection criteria for the light hadron final states due to particle misidentification or missing photon(s). The number of these contaminations from DD decays are further removed by analyzing a Monte Carlo sample which is about forty times larger than the ψ(3770) resonance data. The Monte Carlo events are generated as e + e − → DD at √ s = 3.773 GeV, where the D andD mesons are set to decay into all possible final states with the branching fractions quoted from PDG [8] .
Subtracting the number N b of these contaminations from the number N obs of the candidate events, we obtain the net number N net of the signal events for each process. For the K
− final states, for which only a few signal events are observed from the continuum data, we set the upper limits N up on the number of the signal events at 90% C.L.. Here, we use the Feldman-Cousins method [29] and assume that the background is absent. The numbers of N obs , N b and N net (or N up ) are summarized in the second, third and fourth columns of Tabs. I and II. For each process, the background events in the ψ(3770) resonance data are dominant by DD decays and ψ(3686) decays. While, there is no DD decay in the continuum data, and the ψ(3686) production cross section at √ s = 3.650 GeV is √ ber of the background events in the continnum data can almost be negligible.
VI. RESULTS

A. Monte Carlo efficiency
To estimate the detection efficiency ǫ for e + e − → f , we use a phase space generator including initial state radiation and vacuum polarization corrections [30] with 1/s energy dependence in cross section. Final state radiation [31] decreases the detection efficiency not more than 0.5%. Detailed analysis based on Monte Carlo simulation for the BES-II detector [32] gives the detection efficiencies for each process at √ s = 3.773 and 3.650 GeV, which are summarized in the fifth columns of Tabs. I and II, where the detection efficiencies do not include the branching fractions for
B. Observed cross sections
Let B π 0 = B(π 0 → γγ) for the modes of K
is the branching fraction for the decay of π 0 → γγ, then the observed cross section for e + e − → f can be determined by
where L is the integrated luminosity of the data set, N net is the number of the signal events, ǫ is the detection efficiency and B(K
is the branching fraction for the decay of K 0 S → π + π − . Inserting these numbers in Eq. (1), we obtain the observed cross sections for each process at √ s = 3.773 and 3.650 GeV. They are summarized in Tabs. I and II, where the first error is statistical and the second systematic. In the measurements of the observed cross sections, the systematic errors arise from the uncertainties in integrated luminosity of the data set (2.1% [4, 5] ), photon selection (2.0% per photon), tracking efficiency (2.0% per track), particle identification (0.5% per pion or kaon), kinematic fit (1.5%), K 0 S reconstruction (1.1% [27] ), branching fractions quoted from PDG [33] (0.03% for B(π 0 → γγ) and 0.07% for B(K 0 S → π + π − )), Monte Carlo modeling (6.0% [19, 20, 21] ), Monte Carlo statistics (1.4% ∼ 4.4%), background subtraction (0.0% ∼ 3.0%) and fit to mass spectrum (0.4% ∼ 8.5%). Adding these uncertainties in quadrature yields the total systematic error ∆ sys for each mode at √ s = 3.773 and 3.650 GeV. The upper limit σ up e + e − →f on the observed cross sec-
states at √ s = 3.650 GeV are set with Eq. (1) by substituting N net with N up /(1 − ∆ sys ), where N up is the upper limit on the number of the signal event, and ∆ sys is the systematic error in the cross section measurement. Inserting the corresponding numbers in the equation, we obtain the upper limits on the observed cross sections for
650 GeV, which are also listed in Tab. II.
C. Upper limits on the observed cross sections and the branching fractions for ψ(3770) → f
If we ignore the possible interference effects between the continuum and resonance amplitudes, and the difference of the vacuum polarization corrections at √ s = 3.773 and 3.650 GeV, we can determine the observed cross section σ ψ(3770)→f for ψ(3770) → f at √ s = 3.773 GeV by comparing the observed cross sections σ 3.773 GeV e + e − →f and σ
GeV
e + e − →f for e + e − → f measured at √ s = 3.773 and 3.650 GeV, respectively. It can be given by σ ψ(3770)→f = σ
where f co = 3.650 2 /3.773 2 is the normalization factor to consider the 1/s cross section dependence. The results are summarized in the second column of Tab. III, where the first error is the statistical, the second is the independent systematic arising from the uncertainties in the Monte Carlo statistics, in the fit to the mass spectrum and in the background subtraction, and the third is the common systematic error arising from the other uncertainties as discussed in the subsection B.
The upper limit on the observed cross section σ 
VII. SUMMARY
In this Letter, we present the measurements of the observed cross sections for K we set the upper limits on the observed cross sections and the branching fractions for ψ(3770) decay to these final states at 90% C.L.. These measurements provide helpful information to understand the mechanism of the continuum light hadron production and the discrepancy between the observed cross sections for DD and ψ(3770) production.
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Tab. I: The observed cross sections for e + e − → exclusive light hadrons at √ s = 3.773 GeV, where N obs is the number of events observed from the ψ(3770) resonance data, N b is the total number of background events, N net is the number of the signal events, ǫ is the detection efficiency, ∆sys is the relative systematic error of the observed cross section, and σ is the observed cross section.
18.4 ± 4.6 0.1 ± 0.0 18.3 ± 4.6 10.02 ± 0.14 10.7 15.2 ± 3.8 ± 1.6 K
41.2 ± 6.6 1.1 ± 0.2 40.1 ± 6.6 3.52 ± 0.08 11.6 96.2 ± 15.9 ± 11.1 K
40.0 ± 6.5 1.0 ± 0.2 38.9 ± 6.5 3.56 ± 0.06 14.2 91.5 ± 15.3 ± 13.0 K Tab. II: The observed cross sections for e + e − → exclusive light hadrons at √ s = 3.650 GeV, where N obs is the number of events observed from the continuum data, N up is the upper limit on the number of the signal events, σ up is the upper limit on the observed cross section set at 90% C.L., and the definitions of the other symbols are the same as those in Tab. I. 2), where the first error is the statistical, the second is the independent systematic, and the third is the common systematic error. The upper * denotes that we neglect the contributions from the continuum production. 
